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SPECIFICATION 

1. Title of the Invention 

BIOSENSOR 

2. Scope of Claim for a Patent 

(1) A biosensor for determining a substrate 
concentration in a sample solution comprising a base 
plate having an electrode system and a reaction layer 
having formed thereon a space including said reaction 
layer, said space being provided with an introducing port 
for introducing said sample solution into said space and 
a discharge port for discharging the gas in said space by 
inflow of said sample solution, said electrode system 
being equipped with at least an electrode for measurement 
and a counter electrode, an enzyme being carried on said 
reaction layer, a change in concentration of a substance 
in the reaction between said enzyme and said sample 
solution being detected with said electrode system to 
determine a substrate concentration in said sample 
solution . 

(2) A biosensor as claimed in claim 1, 
wherein said electrode system comprises a plural set of 
electrode systems and reaction layers corresponding to 
said plural set of electrode systems and a common space 
are provided. 

(3) A biosensor as claimed in claim 1, 
wherein said electrode system comprises a plural set of 
electrode systems and/ reaction layers and spaces 
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corresponding to said plural set of electrode systems are 
provided. 

(4) A biosensor as claimed in claim 1, 2 or 
3, wherein said reaction layer is composed of an enzyme 
and a hydrophilic high molecular substance . 

(5) A biosensor as claimed in claim 1, 2 or 3, 
wherein said reaction layer is composed of an enzyme, a 
hydrophilic high molecular substance and an electron acceptor 

(6) A biosensor as claimed in claim 1, 2 or 
3, wherein the surface of a material constructing said 
space is hydrophilic. 

3. Detailed Explanation of the Invention 
Field of the Invention 

The present invention relates to biosensors 
which can quantitatively determine a specific component 
in various trace sample solutions from the living body in 
a rapid and easy way with high accuracy. 

As a system for readily performing quantitative 
determination of a specific component in a sample 
solution such as blood or the like from living bodies 
without requiring dilution, stirring , etc. of the sample 
solution , a biosensor described in Japanese Patent 
Application Laid-Open No. 61-294351 has been heretofore 
proposed (Fig. 10). In this biosensor, the electrode 
systems 52 (52'). 53 (53') and 54 (54') composed of 
carbon, etc. are formed on an insulating base plate 51 by 
means of screen printing, etc.; after providing an 



insulating layer 55 thereon, the electrode systems are 
covered with a porous material 57 having carried thereon 
an oxidoreductase and an electron acceptor and the whole 
is integrated with a holding frame 56 and a cover 58. 
When a sample solution is dropped onto the porous 
material, the oxidoreductase and the electron acceptor 
are dissolved in the sample solution, whereby an enzyme 
reaction proceeds with a substrate in the sample solution 
and the electron acceptor is reduced. After completion 
of the reaction, the reduced electron acceptor is 
electrochemically oxidized and a substrate concentration 
in the sample is determined from a current level for the 
oxidation obtained in this case. 
Problem to be solved by the Invention 

In the foregoing conventional construction, the 
base surface including the electrode system is not always 
uniformly wetted so that air bubbles remain between the 
porous material and the base plate, whereby a response 
current is affected or its reaction rate is reduced in 
some occasion. Further when an ambient humidity is low, 
moisture in a sample solution evaporates off during 
measurement so that a change in response is observed. 
Means for solving the Problem 

In order to solve the foregoing problem, on an 
insulating base plate having provided thereon the 
electrode system and a reaction layer, a space including 
the reaction layer is formed and, an introducing port for 



introducing a sample solution into the space and a 
discharge port for discharging a gas in the space by 
inflow of the sample solution are provided. 
Function 

According to the present invention, a 
disposable biosensor can be constructed so that a 
substrate concentration in a very small amount of the 
sample can be determined rapidly in an extremely simple 
operation with high accuracy. 
Example 

Hereafter the present invention is described by 
referring to the following examples. 
(Example 1) 

As one embodiment of the biosensor, a 
glucose sensor is explained. 

Fig. 1 shows a perspective view of a 
disassembled glucose sensor prepared as one embodiment of 
the biosensor in accordance with the present invention. 
Fig. 2 shows an external view of the biosensor. Fig. 3 
illustratively shows a cross-sectional view of the 
biosensor obtained when the biosensor shown in Fig. 2 is 
cut at the center into the length direction. In Fig. 1, 
a reaction layer 14 shown in Fig. 3 is not shown. 

Hereafter a process for preparing the sensor is 

described. 

Silver paste is printed on an insulating base 
plate 1 composed of polyethylene terephthalate by means 
of screen printing to form leads 2, 3 (3 1 ). Next, 



conductive carbon paste containing a resin binder is 
printed thereon. By drying with heating , the electrode 
system comprised of an electrode for measurement 4 and a 
counter electrode 5 (5') is formed. Furthermore, 
insulating paste is printed so as to partly cover the 
electrode system to make the exposed area of the 
electrodes definite and cover unnecessary part of the 
leads. By a heat treatment, an insulating layer 6 is 
formed. 

Next, the exposed area of the electrode system 
4, 5 (5') is polished and then heat-treated at 100°C for 
4 hours in the air. After the electrode portion is thus 
constructed, 0.5 wt% aqueous solution of carboxymethyl 
cellulose (hereafter simply referred to as CMC) as the 
hydrophilic high molecular substance is spread onto the 
electrodes and dried to form a CMC layer. A solution of 
glucose oxidase (GOD) as the enzyme in phosphate buffer 
solution is spread thereon and dried to form a reaction 
layer 14 comprised of CMC -GOD layer. In this case, CMC 
and GOD form a thin layer having a thickness of several 
microns in a partly mixed state. 

Next, three members of this base plate 1, a 
spacer 7 comprised of a resin plate and a cover 9 cure 
adhered to each other in such a positional relationship 
between the respective members shown by broken lines as 
shown in Fig. 1 to integrate the sensor as shown in the 
external view in Fig. 2. Herein, the spacer has a 



thickness of approximately 300 jam and takes a shape that 
the central part is cut off into a U-shape having a width 
of 2 (mm) and a length of 7 mm. The end of the cut 
portion becomes an introducing port 10 of a sample 
solution and the central part forms a space 8, when 
integrated. Furthermore/ the cover 9 possess a hole 
having a diameter of 2 (mm) and forms a discharge port 11 
when integrated. 

When the introducing port at the tip of the 
glucose sensor constructed as described above is brought 
into contact with a glucose standard solution (200 mg/dl ) 
which is a sample solution, the sample solution is 
introduced into the inside through the introducing port 
10. In this case, the air in the space 8 is rapidly 
discharged through the discharge port 11 and at the same 
time, the space is filled up with the sample solution up 
to near the discharge port • As such, the sample solution 
rapidly spreads onto the electrode surface to fill up the 
space so that any remaining air bubbles are not noted. 

This is believed to be because the sample 
solution would flow into one direction by providing the 
introducing port and the discharge port and due to the 
hydrophilic high molecular substance layer previously 
formed on the electrodes, wetting on the electrode 
surface would be improved so that the gas would be 
smoothly exchanged with the liquid. 

Further by previously treating the surfaces of 
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the members constructing the space such as the cover, 
spacer, etc., with a surface active agent to render them 
hydrophilic, the sample solution can be introduced more 
smoothly. 

On the other hand, the added sample solution 
dissolves CMC therein to render the liquid viscous. 
Glucose in the sample solution reacts with the enzyme by 
the action of glucose oxidase carried on the electrodes 
to produce hydrogen peroxide. Therefore, by applying a 
voltage of 1 V between the electrodes one minute after 
introduction of the sample solution, the electrode for 
measurement is polarized into the anode direction. By 
applying a voltage to the anode direction described 
above, an oxidizing current for the produced hydrogen 
peroxide is obtained. This current level corresponds to 
the concentration of glucose which is a substrate. 

As an example of the response characteristic of 
the sensor constructed as described above, the 
relationship between a current level 5 seconds after 
application of voltage and a glucose concentration is 
shown in Pig. 4, A, indicating that a good response 
characteristic was obtained. 

Further with respect to 30 glucose sensors 
having the same specification as described above, the 
same sample solution was tested with the sensors* A 
coefficient of variation was as good as about 5%, 

Furthermore, influence by evaporation was 



examined under humidity conditions of 30% and 80%, using 
10 sensors each, and compared with the glucose sensor 
shown in Fig. 10 which was prepared in a conventional 
construction by way of trial. In the glucose sensors 
according to the present invention , the influence was 
negligible even after allowing to stand for 5 minutes. 
However, in the sensors having a conventional 
construction, the evaporation was higher by about 3% 
under the lower humidity condition 2 minutes after. 

As described above, the glucose sensor of the 
present invention having the construction described above 
can rapidly absorbs a trace amount of the sample solution 
into the reaction layer zone and can determine a glucose 
concentration in a simple and rapid way with high 
accuracy, without being affected by ambient humidity, 
etc . 

(Example 2) 

The procedure was quite the same as in Example 
1 until the CMC-GOD layer was formed. Thereafter, a 
reaction layer composed of a CMC-GOD-electron acceptor 
layer was further formed thereon by the following method. 

Potassium ferricyanide having a mean particle 
diameter of less than 10 nmm as an electron acceptor was 
dispersed in toluene using lecithin. The resulting 
dispersion was spread over the CMC-GOD layer. Then 
toluene was evaporated off to form the reaction layer 
composed of CMC-GOD-electron acceptor layer on the 
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electrode system followed by integrating with a spacer 
and a cover as in Example 1. Thus, a glucose sensor 
having the construction shown in Fig. 2 was obtained. 

Next/ a glucose standard solution was 
introduced through the tip portion of the sensor as 
described above. By applying a voltage of 600 mV between 
the electrodes about one minute after, potassium 
ferrocyanide produced by the enzyme reaction was oxidized 
on the electrode for measurement. A current level in 
this case was measured 5 seconds after application of the 
voltage. As the result, an extremely good linear 
relationship was obtained between the glucose 
concentration and the response current level, as shown in 
Fig. 4, B. Further using 30 sensors, a variation 
coefficient was examined. The variation coefficient was 
2.6% with respect to the glucose standard solution and 3% 
with respect to the whole blood sample, which were 
extremely good. Further with respect to influence of 
evaporation, a test was carried out in a manner similar 
to Example 1 and similar effects were obtained, as 
described above. 

In providing the introducing port and the 
discharge port in the example described above, in 
addition to the arrangement shown in Figs. 1 through 3, 
holes may be provided in the cover 9 and the base plate 
1, respectively, and used as the introducing port 10 and 
the discharge port 11 as shown in the perspective view of 
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the disassembled sensor in Fig. 5 and in the external 
view in Fig. 6. 

Furthermore, as shown in the perspective view 
of the disassembled sensor in Fig. 7, the spacer may be 
divided into two parts of 7 and 7' and the parts may be 
used as the spacer 8, and the introducing port 10 and the 
discharge port 11. 
(Example 3) 

The electrode portion shown in Fig. 8 was 
constructed in a manner similar to Example 1. That is, 
silver leads 3, 21, 22 and 23, counter electrode 5 
corresponding thereto and three electrodes for 
measurement 41, 42 and 43 were formed on a base plate to 
construct three pairs of electrode systems possessing the 
counter electrode in common. Next, a reaction layer 
composed of CMC-GOD-potassium ferricyanide layer was 
formed around each of the electrodes for measurement in a 
manner similar to Example 2. 

Then, a spacer and a cover were adhered to 
integrate them as in Example 1. Herein, the spacer is 
partly cut off into a "comb-like" shape and the cut 
portion forms a space 8. The space is divided into the 
respective electrode systems but is continuous as a whole 
to form a common space. Furthermore, the end becomes the 
introducing port 10. 

In response to the space dividedly constructed 
on these respective electrode systems, three holes are 
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formed in the cover 9 to provide discharge ports 11, 12 
and 13. When the introducing port 10 is brought into 
contact with a sample solution, the sample solution is 
rapidly introduced into the space, while discharging the 
air in the space through the three discharge ports. 

A response to the glucose standard solution was 
measured with respect to the three electrode systems in a 
manner similar to Example 2 and its mean value was 
determined to make it a response level for one sensor. 
The test was performed with 30 glucose sensors having the 
same specification. The variation coefficient was as 
good as 2%. 

In the disposable type sensor, it is important 
for improved reliability to minimize factors for error 
including a difference in electrode area of each sensor. 
The difference between the sensors forms a cause for 
causing a difference in error of measurement data on the 
same sample solution. However, as described above, 
measurement with higher accuracy can be rapidly achieved 
by providing a plurality of electrode systems for the 
same sensor and obtaining a mean value of the response 
levels. 

Fig. 8 shows the embodiment having 3 pairs of 
electrodes but the present invention is not limited 
thereto and can further provide a large number of 
electrode systems. Furthermore, the shape of the space 
is not limited to those shown in the figures, likewise 



the shape or arrangement of the electrode systems. 
(Example 4) 

Fig. 9 shows a variation of the construction 
having a plurality of the electrode systems. In a manner 
similar to Example 1 already described, silver leads 21 , 
22 and 3 and two pairs of the electrode systems comprised 
of electrodes for measurement 41 and 42 corresponding 
thereto and a counter electrode 5 in common were 
constructed on the base plate. Next, as in Example 2, 
after a reaction layer composed of CMC-GOD-potassium 
ferricyanide layer was formed on each of the electrode 
systems, a spacer 7 and a cover 9 were adhered thereto. 
Herein, the spacer has two holes which independently form 
spaces 81 and 82 and, discharge ports 11 and 12 
corresponding to the holes and introducing port 10 used 
in common are provided in the cover. 

With respect to the glucose sensor having the 
construction described above, as shown in Example 3, an 
average was taken from response values of two pairs of 
the electrode systems to the glucose standard solution 
and made a measurement value for one sensor. When 30 
sensors having the same specification were tested, the 
variation coefficient was as good as 2.2%. 

As such, in the sensor shown in Fig. 9, 
measurement can be made with higher accuracy. In 
addition, since the sensor possesses the independent 
spaces, different sample solutions can be measured with 



one sensor or the sensor can be provided for measurement 
under different conditions in time, temperature, etc. 

In the example described above, one hole was 
provided in the cover to make it a common introducing 
port but the present invention is not limited to this 
embodiment. It is important to construct the measurement 
system comprising a plural pairs of the electrode systems 
and a plurality of independent spaces. Therefore, two 
holes may also be provided and introducing ports to the 
respective spaces may be constructed. 

In Examples 1 through 4 described above, one 
embodiment of preferred positional relationship between 
the introducing port and the discharge port connected 
with the space is illustratively shown in the drawings. 
The discharge port may also be used as the introducing 
port and the introducing port may be used as the 
discharge port. Furthermore, the spacers and the covers 
shown in the respective drawings are composed of 
independent materials but are not limited thereto. It is 
advantageous in mass production to form an integrated 
cover member with a shape of cover by means of molding or 
the like. 

Further by rendering the surface of materials 
constructing the space hydrophilic, a sample solution was 
introduced more smoothly through the introducing port. 
The effect was obtained either by using hydrophilic 
materials or by previously treating the surface materials 
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constructing the space with a surface active agent to 
render them hydrophilic. 

On the other hand, an interval between the base 
plate and the cover can be controlled by varying the 
thickness of spacer or the size of a portion 
corresponding thereto. However, when the interval is too 
large, a quantity of sample solution required for filling 
up the space becomes large and it is also disadvantageous 
to introduce the sample solution by capillary phenomenon. 
When the interval is too small, a resistance between the 
electrodes increases or a current distribution is 
distorted. From the foregoing, the interval is 
preferably in a range of 0.05 to 1.0 (mm), more 
preferably 0.1 to 0.5 (mm). 

In the examples, CMC was used as the 
hydrophilic high molecular substance. As has already 
been stated, its role is to prevent influence of 
adsorbable substances contained in a sample solution 
adsorbed to the electrode on response, in addition to the 
smooth introduction of the sample solution. 

As the hydrophilic high molecular substance, 
gelatin, methyl cellulose and the like can be used, in 
addition to CMC, and hydrophilic high molecular 
substances of starch, carboxymethyl cellulose, gelatin, 
acrylate, vinyl alcohol, vinylpyrrolidone and maleic 
anhydride types are preferred. These water-absorbing or 
water-soluble hydrophilic high molecular substances are 
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dissolved in a suitable concentration and the resulting 
solution is coated and dried to form a hydrophilic high 
molecular substance layer having a necessary layer 
thickness. 

In the foregoing examples, the electrode system 
in which the electrode portion is comprised of two 
electrodes of an electrode for measurement and a counter 
electrode has been stated. However, by constructing the 
electrode system with three electrodes further including 
a reference electrode, the accuracy can be further 
improved. As materials for the electrode, carbon 
illustrated in the examples is suitable as a stable and 
inexpensive material but the materials are not limited 
thereto. Other noble metal materials and oxidized 
materials may also be used. 

Further as the electron acceptor, though 
potassium ferricyanide used in the examples is excellent 
in stability and reaction rate, redox compounds such as 
quinone compounds or ferrocene compounds, etc. can also 
be used, in addition to potassium ferricyanide. 

Furthermore, the oxidoreductase is not limited 
to glucose oxidase shown in the foregoing examples but 
various enzymes such as alcohol oxidase, cholesterol 
oxidase, etc. can be used. 
Effects of the Invention 

As described above, the present invention can 
provide a disposable biosensor which can rapidly 
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determine a specific component in a trace amount of 
various sample solutions in an extremely accurate and 
simple way, by forming the space including the reaction 
layer on a base plate having provided thereon the 
electrode system and the reaction layer and further 
providing the port for introduing the sample solution 
connected with the space and the gas discharge port. 4. 
4. Brief Explanation of Drawings 

Fig. 1 shows a perspective view of a 
disassembled biosensor which is one embodiment of the 
present invention. Fig. 2 shows an external view of the 
biosensor. Fig. 3 illustratively shows a cross-sectional 
view of the biosensor. Fig. 4 shows a response 
characteristic of the biosensor. Fig. 5 shows a 
perspective view of a disassembled biosensor which is 
another embodiment of the present invention. Fig. 6 
shows an external view of the biosensor. Figs. 7, 8 and 
9 show perspective views of disassembled biosensors which 
are other embodiments of the present invention. Fig. 10 
shows a perspective view of a disassembled biosensor 
which is another embodiment of the prior art. 
List of numerals appearing in the drawings: 

1, 51 base plate 

2, 3, 3', 21, 22, 23, 52, 53, 54 lead 

4, 41, 42, 43, 53* electrode for measurement 

5, 5', 52 counter electrode 

6, 55 insulating layer 
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7, 7 9 spacer 

8, 81, 82 space 

9, 58 cover 

10 introducing port 

11, 12, 13 discharge port 

14 reaction layer 

54* reference electrode 

56 holding frame 

57 porous material 

Agents: Toshio NAKAO, Patent Attorney, 
and another 
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Fig. 1 
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declare that to the best of my knowledge and belief the 
attached is a full, true, and faithful translation into 
English made by me of Japanfese Patent Application 
No. 63-80842 attached thereto. 



Signed this 19th day of December , 19 89. 
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